The frequencies of banding morphs in Cepaea nemoralis, and in its sibling species C. hortensis, have been examined in relation to the relative distributions of the two species.
It is argued that this particular type of parallel variation in morphfrequency in two species, which would not result from interspecific hybridisation even if this were to occur, constitutes good evidence for natural selection (directional rather than balancing). It is stressed that the data present a strong case for each species being the selective agent acting on morph-frequency in the other; but also that the data are not consistent with the theory of character displacement.
I. INTRODUCTION
ONE possible evolutionary consequence of interspecific competition is divergence of the competitors in some character which has a bearing on the competitive process. Such divergence was first given a name-character displacement-by Brown and Wilson (1956) , and since then there have been a number of purported examples of character displacement in natural populations (see Grant, 1972 , for a review).
There are a number of problems in accepting displacing selection (resulting from competition) as the causative mechanism responsible for the morphological divergence observed. Two of the commonest problems are:
(1) The characters studied have been continuously variable ones which are not totally heritable. Considerable non-genetic variation can occur in such characters even when their heritability is high (for example shell size in Cepaea; see Cook, 1967, and Williamson et at., 1976) . This problem can be obviated by studying the morph-frequency at a single locus.
Theoretical and simulation studies of a single locus (in each of two species) which affects competition have been undertaken by Leon (1974) and Crozier (1974) , and displacement in gene-frequency is predicted. However, no work on interspecific competitive effects on single loci appears to have been done on natural populations.
(2) Selection resulting directly from a competing species, and selection resulting from an environmental change which coincides with (and may give rise independently to) areas of sympatry are difficult to separate. This problem can be lessened, though by no means disposed of, by a number of surveys on independent populations, preferably occupying different types of habitat. While many studies, including the original case of the nuthatches Sitta neumayer and S. tephronota cited by Brown and Wilson, have only dealt with one transect from allopatry to sympatry, some-notably that of Fenchel (l975a, b) on snails of the genus Hygromia -have included several.
In the present study, morph-frequency at the locus determining the presence/absence of bands on the shell of the land snails Cepaea nemoralis and C. hortensis was examined in relation to the relative distributions of the two species. The genetics of this locus, in both species, is well known (see Cain and Sheppard, 1957; Murray, 1963) . Unbanded is dominant to banded. Where the shell is banded, various modifiers are known which alter the number and type of bands. These will not be dealt with here, as shells were classified simply as banded or unbanded.
Three well-separated populations were studied. Since the panmictic unit of Cepaea has a radius of about 30 metres (Lamotte, 1951 , Murray, 1962 and all three interpopulation distances were greater than 100 miles, these populations are about as completely independent as is possible for natural populations. Further, the three types of habitat were all distinctly different from each other. It can be seen, then, that the particular system studied here lacks the first problem mentioned above, and reduces the second. Thus it provides a good opportunity for investigating the genetic effects of interspecific competition. However, other problems remain. As with other species-pairs, interspecific competition has not been conclusively established, though in Cepaea there is considerable circumstantial evidence for it (see Cameron, 1970; Arthur, 1977) . Also, while adopting a single-locus approach has its advantages, exactly how the locus chosen affects competition remains to be seen. But at the present stage of our understanding of the precise ecological effects of specific loci in natural populations, encountering this problem is inevitable.
METHODS AND DESCRIPTION OF SURVEY AREAS (i) Sampling and scoring
No sampling sites exceeded a diameter of 20 m. Snails were sampled simply by visual search, only adults being collected. These were taken to the laboratory and not replaced. Snails were removed from their shells and discarded, the empty shells being used for scoring the banding morphs (see Cain and Sheppard, 1950) .
(ii) Survey areas (a) Cunningdale, Derbyshire: This is a steep-sided limestone dale of about 1 km in length. The dale is not wooded, with the exception of the extreme southern end which was not included in the Survey. It is surrounded by a quarry and agricultural land, so the Cepaea population in the dale is fairly well isolated. Fourteen samples were taken, seven containing C. nemoralis only, the remaining seven including both species. (c) Seaton Sluice, Northumberland: A continuous line of sand-dunes stretches for nearly I 5 km northwards from the town of Seaton Sluice. The dunes, together with some more stabilised habitat, are bounded by a main road, then agricultural land, on the west (and by the sea on the east). Twenty-four samples were taken, 14 containing both species and 10 containing only C. nemoralis. The locations of the sampling sites are shown in fig. lC. 
RESULTS
The data obtained from the three surveys are displayed in tables 1-3.
Two approaches to the analysis may be taken. Firstly, the mixed and singlespecies groups of samples from a survey can be compared-with respect to their morph-frequencies-regardless of the exact positions of individual samples. Secondly, the change in morph-frequency on approaching * indicates sample too small to obtain reliable estimate. ¶ (b) (c) and (d) refer to habitat categories differing in the proportion of marram grass and herbs. Kruskal-Wallis anova revealed no effect whatsoever of habitat on the frequency of unbandeds. sympatry (or allopatry) can be contrasted with the change at the boundary between the two zones. This latter approach is only possible where a linear type of habitat is occupied, with the boundary between allopatry and sympatry occurring at a known point along it (or where the samples form a transect across such a boundary), so it is not applicable to the Gunningdale survey.
The results of comparing morph-frequencies of mixed and single-species groups of samples are shown in table 4. Note that in the Nettlecombe survey "single-species " refers to C. hortensis while in the others it refers to * The Mann-Whitney" U" was used instead of the S-test in two cases-because of nonnormality (Seaton Sluice) and the small number of samples (Nettlecombe). In Cunningdale, where the S-test was used, the frequency of unbandeds was arcsin-transformed. C. nemoralis. It can be seen that in all three areas there is a decrease in the frequency of unbandeds in sympatry. This decline is significant in Gunningdale, very highly significant at Seaton Sluice, and bordering on significance at Nettlecombe. In fact, the probability level obtained from the Nettlecombe data is as close to formal significance as is possible with only six samples and this kind of test.
Turning to the second method of analysis, fig. 2 At Seaton Sluice (see fig. 3 ) there again appears to be an upward trend in the frequency of unbandeds, this time in C. nemoralis, on approaching sympatry (t-test on regression coefficient, with frequency arcsin-transformed, gives t = 2l04; PO.O7). However, on entering the sympatric area, the frequency of unbandeds again suffers a marked decline. In fact, in this case the effect is so great that there was only one unbanded C. nemoralis among all 292 shells of that species collected from the sympatric region.
An ideal field situation for this type of study would be a population which was initially pure C. nemoralis, then mixed, the mixed population giving way on its other side to pure C. hortensis. This would enable the change in morph-frequency in both species to be examined on moving from allopatry to sympatry. No such situation has yet been found. However, in the Seaton Sluice survey, there were sufficient mixed-species samples to permit a study of variation in the frequency of unbanded C. hortensis within the sympatric area. Specifically, if this frequency is plotted against the proportion of C. nemoralis in the total sample, this should be equivalent to an allopatric/sympatric comparison. In both cases, there is an increase in the intensity of interspecific competition from the viewpoint of C. hortensis. In the case of going from allopatry to sympatry, the increase is from zero, while in the case of going into" deeper sympatry "it is from some unspecified level. The results are shown plotted in this manner in fig. 4 . The correlation coefficient (both variables having been arcsin-transformed) r = -O89; P < OOO5. Thus it seems that within the Seaton Sluice survey, as well as in general, there are parallel-rather than divergent-effects in the two species.
Two cautionary comments are necessary. The first relates specifically to the data as treated in fig. 4 . The reliability of species-frequency estimates may well be lower than that of morph-frequency estimates due to behavioural differences between species (see Clarke, 1 962b). Tests on two sampling sites in Gunningdale, each on two occasions, revealed no significant difference in species-frequency at either site; but no similar tests were carried out in. the other surveys. It should be stressed, though, that sampling was carried out during damp weather when both species are most active and estimates likely to be most reliable. The second point of caution is a more general one. Although the three surveys were well separated, sampling sites within surveys were often close together and so may not be completely independent.
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This is a problem of all detailed surveys of this kind and cannot be disposed of, so it should be kept in mind when interpreting the results.
It should perhaps be mentioned that shell size and morph-frequency at the locus determining the base-colour of the shell were also investigated. Neither showed any consistent association with species-distributions. The data on these variables may be found in Arthur (1977) . 
Discussion
It is clear that the results presented here do not, in general, show interspecific displacement in morph-frequency. The frequency of unbanded C. nemoralis decreases in syrnpatry both in Cunningdale and at Seaton Sluice. In the former area, the frequency of unbandeds in C. hortensis is lower than in C. nemoralis, while in the latter it is higher. Further, the change in the frequency of unbanded C. hortensis on moving into sympatry (in both Nettlecombe and Seaton Sluice populations) is in the same direction as that in C. nemoralis. So rather than displacement or convergence, there seem to be parallel effects in the two species.
Three questions which arise from this work are: 1. Is the reduction in the frequency of unbandeds in sympatry a general effect?
2. If so, why has it been undetected in previous surveys of Cepaea populations? 3. What is the mechanism causing the change in morph-frequency? As regards the generality of the effect, it has already been seen that a significant reduction in the frequency of unbandeds in sympatry occurs in four populations: two of C. nemoralis and two of C. hortensis. Only one further survey of neighbouring and clearly-defined allopatric and sympatric populations has been conducted. In this, the frequency of unbandeds in allopatric C. nemoralis was zero (some samples) or near zero (the rest). Thus a significant decline in sympatry could hardly be expected and was not found; nor was there a significant increase. Additional surveys are being planned, and the results of these should help to evaluate further the generality of the effect.
If the reduction in frequency of unbandeds in sympatry is a general phenomenon, it should occur in a considerable proportion of further appropriate surveys, and a significant change in morph-frequency in the opposite direction would not be expected to occur anywhere (though see below).
However, the effect would not be expected in all surveys, for three reasons. Firstly, not all sympatric populations are necessarily competing. This will depend largely on the structure of the environment. Secondly, the selective differential between bandeds and unbandeds may be dependent on the alleles present at loci elsewhere in the genome-i.e. there may be epistatic interac-would be a negative correlation between the frequency of unbanded C. nemoralis and unbanded C. hortensis. Taking a subset of the unbanded category, such as yellow effectively unbanded, the correlation might still hold.
The third question raised earlier is-what causes the frequency of unbandeds to decline in sympatry? There are several components to this question. The parallel effects in different areas and, more importantly, in the two species point strongly to the action of natural selection. Lewontin (1974) has stressed that parallel changes in gene-frequency in separate species provide one of the strongest lines of evidence for natural selection, provided of course that the species do not hybridise. Hybridisation in Cepaea is very rare, though a few examples have been reported (see Lang, 1908) . Regardless of this, we have here a rather unusual kind of parallel variation in that the selective agent appears to be the alternative species. The overall pattern resulting from this kind of selection, as described here, could not be explained by the alteration of morph-frequency in one species through some agency, coupled with interspecific hybridisation. Thus this kind of pattern provides particularly good evidence for the selective alteration of morph-frequencies.
The difficulty in distinguishing between selection resulting directly from a competing species and that resulting from some environmental factor associated with the presence of that species was mentioned earlier. The very different nature of the three survey areas described here (limestone dale, banks beneath hedgerows, and dunes) certainly lessens the likelihood of the latter type of selection. A further argument in this direction is as follows. If there is any consistent difference in environmental conditions such as temperature or humidity between allopatric and sympatric areas, the latter would be expected to be intermediate in whatever environmental variable is concerned between pure C. nemoralis and pure C. hortensis areas. Thus a shift from allopatry to sympatry for C. nemoralis would, in environmental terms, be in the opposite direction to an allopatric-to-sympatric shift for C. hortensis. So the morph-frequencies should, on an "environmental selection " basis, move in opposite directions. As has been seen, the reverse is the case. The evidence seems, then, to favour natural selection resulting directly from the presence of the congeneric species as the cause of the morphfrequency variation observed. Since the direction of change in the frequency of unbandeds in either species appears to be independent of the morphfrequency in the other, simple competitive inferiority of unbanded snails would seem to be the simplest explanation. Exactly why unbanded snails should be weaker interspecific competitors than banded ones remains to be established, and this represents the major weakness of the case presented here. It is possible to hypothesise mechanisms of selection based on effects of the bands themselves. Bands can alter the shell's thermal properties (Heath, 1975) and so may indirectly affect the behaviour-patterns of the snail. However, the banding locus may be pleiotopic and/or tightly linked to another polymorphism affecting interspecific competitive ability. Selection acting via these routes is equally possible.
On a more general level, this study raises the question of whether genefrequencies at loci affecting interspecific competition tend usually to diverge in sympatry (i.e. single-locus character displacement) or whether selection more often acts in parallel on the two species concerned. Preumably, which of these two patterns of variation occurs at a particular locus will depend on the exact manner in which that locus affects the competitive process. More specifically, it will depend on whether the alleles rank along an axis of similarity to the congener, or along an axis which is essentially an efficiency gradient. Clearly, the answer to this sort of question is a long way off. However, the relative generality of interspecific displacement and alternative modes of competitively induced evolution is of importance in understanding how the competitive process limits species-diversity, so the answer is worth pursuing.
